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REVERSIBLE LEADLESS PACKAGE AND METHODS OF MAKING AND USING 

SAME 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 This application claims the benefit of US Provisional Patent Application Number 

60/497,829 (Attorney docket no. 102451-100), filed August 26, 2003, which is incorporated by 
reference herein in its entirety. 

BACKGROUND OF THE INVENTION 
10 1. Field of the Invention : 

This invention relates to semiconductor device packages. More particularly, this 
invention relates to reversible leadless semiconductor device packages and methods for 
manufacturing reversible leadless semiconductor device packages. 

15 2. Description of the Related Art : 

In lead frame based semiconductor device packages, electrical signals are transmitted 
between at least one semiconductor device (die) and external circuitry, such as a printed circuit 
board, by an electrically conductive lead frame. The lead frame includes a plurality of leads, 
each having an inner lead end and an opposing outer lead end. The inner lead end is 

20 electrically connected to an input/output (I/O) pad on the die, and the outer lead end provides a 
terminal for connecting to the external circuitry. Where the outer lead ends terminate at a face 
of the package body, the package is known as a "no-lead" or "leadless" package. If the outer 
lead ends extend beyond the package body perimeter, the package is referred to as "leaded." 
Examples of well-known no-lead packages include quad flat no-lead (QFN) packages, which 

25 have four sets of leads disposed around the perimeter of the bottom of a square package body, 
and dual flat no-lead (DFN) packages, which have two sets of leads disposed along opposite 
sides of the bottom of a package body. 

A method for manvifacturing a lead frame for a Quad Flat No-lead ("QFN") package is 
disclosed in United States Patent No. 6,498,099 to McLellan et al., which is incorporated by 

30 reference in its entirety herein. In the McLellan et al. patent, a first side of an electrically 
conductive substrate is partially etched to define a support pad and inner lead ends. A 
semiconductor device is bonded to the partially defined support pad and electrically 
interconnected to the partially defined inner lead ends by wire bonds or the like. The 
semiconductor device, partially defined support pad, partially defined inner leads and wire 

35 bonds are then encapsulated in a polymer molding resin. The opposing second side of the 
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electrically conductive substrate is then etched to electrically isolate the support pad and inner 
lead ends and to define outer lead ends. 

Another method for the manufacture of a QFN package is disclosed in commonly 
owned United States patent application serial number 10/134,882 that was filed on April 29, 

40 2002 and is incorporated by reference in its entirety herein. 

There is a desire in the semiconductor packaging industry to minimize the profile 
height (thickness) of semiconductor packages to facilitate advances in mobile, wireless, and 
medical applications. Current demands are for packages having profile heights in the sub- 
millimeter level. A need for increased processing power and speed has also created a demand 

45 to increase the number of dies that can be fit into a given area (i.e., to increase die density) and 
to decrease the length of the electrical path between dies. 

One solution to the demands for increased die density and decreased electrical path 
length is to stack a number of dies inside a single package. The dies are separated by 
insulating layers/interposers with wire-bond and/or flip-chip die connections used to 

50 electrically connect the dies to a common lead frame. This solution, however, has its 

drawbacks. First, a package with stacked dies introduces complexity in the assembly of the 
package due at least in part to the increased number of electrical connections within the 
package and the need for an insulative layer/interposer to be disposed between the dies. If any 
defects occur during the assembly of the package, the entire package, including all chips within 

55 the stack, is unsalvageable. Second, where a wirebonding process is used to electrically 

connect the stacked dies, the top die in the stack must be sized to provide sufficient peripheral 
space on the bottom die to allow for wirebonding the bottom die. In other words, the top die 
must be smaller than the bottom die. Finally, stacking two or more dies in a single package 
increases the thickness of the encapsulated package and creates issues for power management 

60 and thermal drain. 

Thus there remains a need for semiconductor device packages having a decreased 
profile while allowing for an increased die density and a decreased length of the electrical path 
between dies. 

65 BRIEF SUMMARY OF THE INVENTION 

The above-described and other needs are met by a semiconductor device package 
including a molding compound forming a portion of: a first package face, a second package 
face opposite the first package face, and package side faces extending between the first and 
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70 second package faces. A semiconductor device and an electrically conductive lead frame are 
at least partially covered by the molding compound. The electrically conductive lead frame 
includes a plurality of posts disposed at a perimeter of the package and having a first contact 
surface disposed at the first package face and a second contact surface disposed at the second 
package face. The semiconductor device is positioned in the center of the plurality of posts. 

75 The lead frame also includes a plurality of post extensions each having a third contact surface 
disposed at the second package face. The plurality of post extensions extend from the plurality 
of posts toward the semiconductor device. Each of the post extensions include a bond site 
formed on a surface of the post extension opposite the second package face. At least one I/O 
pad on the semiconductor device is electrically connected to the post extension at the bond site. 

80 In one embodiment, at least one of the I/O pads is wire bonded or tape bonded to the 

bond site. In another embodiment, at least one of the I/O pads is directly electrically connected 
to the bond site for forming a flip-chip type connection. The semiconductor device package 
may have four package side faces, with the plurality of leads being disposed among two of the 
four package side faces. Alternatively, the semiconductor device package may have four 

85 package side faces, with the plurality of leads being disposed among all of the four package 
side faces. In another embodiment, a stack of semiconductor device packages is formed. 

In another aspect, a method for use in manufacturing a semiconductor device package 
comprises: (a) forming a plurality of posts from an electrically conductive material, the 
plurality of posts having a height equal to a predetermined profile height of the semiconductor 

90 device package, and each post in the plurality of posts having a side surface positioned at a 
predetermined package side face; (b) disposing a semiconductor device within a central region 
defined by the plurality of posts, the semiconductor device including a plurality of I/O pads 
disposed thereon; (c) electrically connecting the plurality of I/O pads to associated electrically 
conductive post extensions protruding from the plurality of posts; and (d) covering at least a 

95 portion of the die, the plurality of posts, and post extensions with a molding compound. 

Electrically connecting the I/O pads to the bond sites may include wirebonding or 
directly electrically connecting the I/O pads to the bond sites to form a flip-chip type 
connection. A contact surface on an end of each of the posts may be directly electrically 
connected to a contact surface on an adjacent semiconductor device package. 
100 In one embodiment, forming the plurality of posts includes: selecting a sheet of the 

electrically conductive material having a profile height equal to the predetermined profile 
height of the semiconductor device package; and selectively removing material from the sheet 
to form the posts. In another embodiment, forming the plurality of posts includes: selecting a 
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sheet of the electrically conductive material having a profile height greater than the 
105 predetermined height of the semiconductor device package, and selectively removing material 
from the sheet to form the posts on a substrate portion of the electrically conductive material. 
In this embodiment, the method further comprises: removing the substrate portion of the 
electrically conductive material after covering the die and posts and post extensions with the 
molding compound. 

1 10 The details of one or more embodiments of the invention are set forth in the 

accompanying drawings and the description below. Other features, objects and advantages of 
the invention will be apparent from the description and drawings, and from the claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The invention will be more fully understood from the following detailed description 
taken in conjunction with the accompanying drawings wherein like elements are numbered 
alike, and in which: 

FIG. 1 is a partial cut-away, top perspective view of a quad, no-lead, wirebonded 
120 semiconductor device package in accordance with an embodiment of the present invention; 

FIG. 2 is a cross-sectional elevation view of the semiconductor device package of FIG. 

l; 

FIG. 3 is a bottom view of the semiconductor device package of FIG. 1; 
FIG. 4 is a top view of the semiconductor device package of FIG. 1; 
125 FIQs. 5a-5j depict the semiconductor device package of FIG. 1 in various stages of 

assembly using a first method for assembling the semiconductor device; 

FIGs. 6a-6j depict the semiconductor device package of FIG. 1 in various stages of 
assembly using a second method for assembling the semiconductor device; 

FIG. 7 is a partial cut-away, top perspective view of a quad, no-lead, flip-chip 
130 semiconductor device package in accordance with another embodiment of the present 
invention; 

FIG. 8 is a cross-sectional elevation view of the semiconductor device package of FIG. 

7; 

FIG. 9 is a cross-sectional elevation view of an alternative arrangement of the 
135 semiconductor device package of FIG. 7; 

FIG. 10 is a top view of the semiconductor device package of FIG. 7; 
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FIG. 1 1 is a bottom view of the semiconductor device package of FIG. 7 showing 
optional lead traces; 

FIGs. 12a-12h depict the semiconductor device package of FIG. 7 in various stages of 
140 assembly using a first method for assembling the semiconductor device; 

FIGs. 13a-13h depict the semiconductor device package of FIG. 7 in various stages of 
assembly using a second method for assembling the semiconductor device; 

FIG. 14 is a cross-sectional elevation view of a stack of semiconductor device packages 
having each semiconductor device package arranged with the die in an upright position; 
145 FIG. 15 is a cross-sectional elevation view of a stack of semiconductor device packages 

having each semiconductor device package arranged with the die in an upside-down position; 
and 

FIG. 16 is a cross-sectional elevation view of a stack of semiconductor device packages 
having a semiconductor device packages arranged in alternating upright and upside-down 
150 positions. 

DETAILED DESCRIPTION 

Referring to FIGs. 1 and 2, a quad, no-lead, wirebonded semiconductor device package 
155 10 is shown. The semiconductor device package 10 has a bottom package face 12, a top 
package face 14 opposite the bottom package face 12, and package side faces 16 extending 
between the bottom and top package faces 12, 14. The various package faces are formed in 
part by a molding compound 18, which covers a semiconductor device (die) 20 and portions of 
an electrically conductive lead frame 22. The electrically conductive lead frame 22 includes a 
160 plurality of leads 23 . Each of the leads 23 includes a post 24 disposed at a perimeter of the 

package. Each of the posts 24 has a first contact surface 26 disposed at the top package face 14 
and a second contact surface 28 disposed at the bottom package face 12. The die 20 is attached 
to a die support pad 30 positioned in a central region formed by the plurality of posts 24. Each 
lead 23 also includes a post extension 32, having a contact surface 34 disposed at the bottom 
165 package face 12. Each post extension 32 extends, from the associated post 24 toward the die 
20, with the posts 24 and post extensions 32 forming a recess for receiving the die 20. Each 
post extension 32 includes a bond site 36 formed on a surface of the post extension 32 opposite 
the bottom package face 12. In the embodiment shown, the bond sites 36 are electrically 
connected to associated input/output I/O pads 38 on the die 20 via wires 40. 
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170 The leads 23 are spaced apart from each other and from the die pad 30 to electrically 

isolate the leads 23 from each other and from the die pad 30. Extending from each of the four 
corners of the die pad 30 is a tie bar 42, which is shown as a generally straight bar having 
protrusions extending from an end thereof. The tie bar 42 acts to anchor the die pad 30 within 
the molding compound 18. 

175 In the embodiment shown, the lead frame 22 includes three leads 23 disposed on each 

of the four sides of the package 10. It will be appreciated, however, that the number and 
location of the leads 23 may be modified as needed for a particular application. For example, 
the lead frame 22 may include two sets of leads 23 disposed on opposing sides of the package 
10 for use in a dual, no-lead, semiconductor package. 

180 The package 10 provides a profile height, as indicated at 50 in FIG. 2, that is typically 

several times greater than the thickness of the enclosed die 20. For example, for a die profile 
height (indicated at 52) of about 0.2 millimeters (mm) the package profile height 50 may be 
about 0.5 mm, with the post extension 32, die support pad 30, and tie bars 42 having a profile 
height (indicated at 54) of about 0.1 mm. Accounting for a layer of bonding material between 

185 the die 20 and the die support pad 30 of about 0.025 mm, about 0. 175 mm remains above the 
die 20 for receiving the bond wire (indicated at 56). The profile height of the posts is equal to 
the profile height 50 of the package (about 0.5 mm), with the profile height of the posts relative 
to the bond site (indicated at 58) being about 0.4 mm. In general, the package 10 may have a 
profile height 50 about 2.5 times greater than the profile height 52 of the die 20. 

190 As shown in FIG. 3, a portion of each lead 23 is exposed on the bottom face 12 of the 

package 10. The exposed portion of the leads 23 includes the contact surfaces 28 on each of 
the posts 24, and the contact surface 34 of the post extensions 32. As shown in FIG. 4, the 
contact surfaces 28 on each of the leads 23 are exposed at the top face 14 of the package 10. 
Comparison of FIGs. 3 and 4 shows that the total contact surface area on the bottom face 12, 

195 which includes both the contact surface 28 of each of the posts 24 and the contact surface 34 of 
the post extension 32, is greater than the contact surface 26 area at the top face 14. The 
package 10 may be electrically connected to an external circuit, such as a printed circuit board, 
another semiconductor device package, or test device, at any of the contact surfaces 26, 28 or 
34 and/or at exposed side surfaces 60 (FIG. 2) of the posts 24. Electrical signals are 

200 transmitted between the die 20 and the external circuitry via each I/O pad 38, wire 40, post 
extension 32 and post 24. 

The design of lead frame 22 allows the package 10 to be assembled using the same 
equipment used for standard QFN assembly and finishing. For example, the package 10 can be 
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assembled using a lead frame having pre-formed leads, with or without taping, or it can 

205 employ the use of a partially etched lead frame, where a substrate is partially etched to define 
the leads 23 and the substrate is removed to form the leads after encapsulation. Each of these 
methods is discussed hereinafter. 

Referring now to FIG. 5, the semiconductor device package 10 is shown in various 
stages of assembly using a method employing a lead frame 22 having pre-formed leads 23. 

210 FIG. 5a is a plan view of three interconnected lead frames 22, and FIGs. 5b-5j are cross- 
sectional elevation views of the interconnected lead frames 22 in various stages of assembly. 
As shown in FIG. 5, more than one lead frame 22 is preferably partially connected to allow for 
simultaneous assembly of packages 10. It is contemplated that, alternatively, the packages 10 
may be assembled individually. 

215 The lead frames 22 may be formed from a sheet of any suitable conductor and is 

preferably copper or a copper-base alloy. By copper-base alloy it is meant that the material 
contains more than 50%, by weight, of copper. The sheet of conductive material forming the 
lead frames 22 has a profile height equal to the desired profile height of the package 10. 

The features of the lead frame 22, including the die support pad 30, the leads 23, and tie 

220 bars 42 may be formed using any known method such as stamping, chemical etching, laser 
ablation, or the like. The various recesses formed in each of these features are preferably 
formed using a controlled subtractive process such as chemical etching or laser ablation. For 
example, each surface intended to form the contact surfaces 26 of the posts 24 may be coated 
with a chemical resist and the remaining surface exposed to a suitable etchant for a time 

225 effective to reduce the thickness beneath the remaining surface to the desired thickness (i.e., 
profile height) of the post extensions 32, die support pad 30, and tie bars 42. The intended 
upper surfaces of these structures may then be coated with the chemical resist, and the 
remaining surface exposed to the etchant for a time effective to remove the material other than 
the leads 23, support pad 30, and tie bars 42. 

230 Referring to FIG. 5c, after the lead frame 22 is formed, the bond sites 36 on the post 

extensions 32 may be plated with a material to facilitate bonding with the bond wire. For 
example, where a gold bond wire is used, the bond site 36 may be plated with gold. 
Alternatively, the entire lead frame 22 may be plated, or plating may not be performed, 
depending on the particular application or type of bond wire used. 

235 Referring to FIG. 5d, in preparation for wirebonding, the bottom contact surface 28 of 

the posts 24, the contact surface 34 of the post extension 32, and the bottom surface of the die 
support pad 30 are secured to a surface 70. In the embodiment shown, the surface 70 is formed 
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on an adhesive tape, which contacts and secures the substantially coplanar contact surfaces 28 
and 34 and bottom surface of the die support pad 73. 

240 Referring to FIG. 5e, the die 20 is next secured to the support pad 30 using any 

convenient method, such as solder, epoxy, double-sided adhesive tape, and the like. After the 
die 20 is secured to the support pad 30, wires 40 are individually connected between I/O pads 
38 on the die 20 and the bond sites 36 on the respective leads 23. 

During assembly of the packages using the method of FIG. 5, the post extensions 32 are 

245 secured to the surface 70 with the die support pad 30, thus allowing precise bonding of the 

wires 40 to the bond sites 36 and, as a result, reducing defects in the assembly of the package 
10. In addition, because the post extensions 32 are supported along their entire length by the 
surface 70, the present invention allows for a wider variety of bonding methods and wire 
materials to be used in wirebonding than were possible with leads of the prior art. For example, 

250 the wirebonding may be performed using ultrasonic bonding, where a combination of pressure 
and ultrasonic vibration bursts are applied to form a metallurgical cold weld, 
thermocompression bonding, where a combination of pressure and elevated temperature are 
applied to form a weld, or thermosonic bonding where a combination of pressure, elevated 
temperature, and ultrasonic vibration bursts are applied to form a weld. The type of wire 40 

255 used in the bonding is preferably made from gold, gold based alloy, aluminum, or aluminum 
based alloy. As an alternative to wirebonding, tape automated bonding (TAB) may be used. 

Referring to FIG. 5g, after the wire bonding is completed, the die 20, lead frame 22, and 
bond wires 40 are covered with the molding compound 18. The molding compound 18 may be 
applied using any convenient technique, such as a transfer or injection molding process. The 

260 molding compound is an electrically insulative material, preferably a polymer molding resin, 
such as an epoxy, having a flow temperature in the range of between about 150°C to about 
300°C. The molding compound 18 may also be a low temperature thermal glass composite. 
During application of the molding compound 18, the spacing between the leads 23 is 
maintained because the posts 24 and post extensions 32 are secured to the surface 70. 

265 Referring to FIG. 5h, after coating, the interconnected packages 10 are separated from 

the surface 70 and the connecting surfaces 28 and 34 are plated with a material to facilitate 
electrical connection with the external electrical circuit. If the entire lead frame 22 was 
previously plated, plating of the connecting surfaces 28 and 34 may be unnecessary. 

The attached packages 10 are then singulated by sawing with a blade, water jet, or the 
270 like, as shown in FIG. 5i. After singulation, the side surfaces 60 of all posts 24 are exposed. 
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The package 10 can be electrically connected to a printed circuit board, another 
package, or any other external circuit using the contact surfaces 26, 28 and/or 34 on bottom 
face 12 and/or top face 14 as desired, thus making the package 10 completely reversible. That 
is, the package 10 may be mounted with the die 20 in the upright position, or the package 10 

275 may be reversed and mounted with the die 20 upside-down, as shown in FIG. 5j. The 

reversibility of the package 10 relieves the need for any die 20 or package 10 redesign between 
applications requiring the die 10 to either face up or down. The contact surfaces 26, 28 and 34 
on the top and bottom faces 14, 12 also allow a plurality of packages 10 to be stacked to 
provide increased chip density. In addition, any of the contact surfaces 26, 28 and 34 or the 

280 side surfaces 60 may be used as test points to test an electrical function of the package 10 or to 
test the electrical connection of the package 10 to an external circuit. The side surfaces 60 also 
act as a visible indicator to ensure proper alignment with pads on a printed circuit board when 
surface mounting the package 10 to a printed circuit board. 

Referring now to FIG. 6, the semiconductor device package 10 is shown in various 

285 stages of assembly using a method employing a partially etched lead frame. FIG. 6a is a plan 
view of a precursor 72 of the lead frame 22, and FIG. 6b is a cross-sectional elevation view of 
the lead frame precursor 72. A plurality of lead frame precursors 72 are preferably connected 
to allow for simultaneous assembly. It is contemplated that, alternatively, the lead frame 
precursors 72 may be assembled individually. 

290 The lead frame precursor 72 may be formed from a sheet of any suitable conductor and 

is preferably copper or a copper-base alloy. By copper-base alloy it is meant that the material 
contains more than 50%, by weight, of copper. The sheet of conductive material forming the 
lead frame precursor has a profile height greater than the desired profile height of the package 
10. 

295 The various features formed in each of lead frame precursors 72 are preferably formed 

using a controlled subtractive process such as chemical etching or laser ablation. For example, 
each surface intended to form the contact surfaces 26 of the posts 24 may be coated with a 
chemical resist and the remaining surface exposed to a suitable etchant for a time effective to 
reduce the thickness beneath the remaining surface such that the desired profile height of the 

300 posts 24 relative to the bond sites 36 is achieved. Next, the intended upper surfaces of the post 
extensions 32, die support pad 30, and tie bars (not shown) may then be coated with the 
chemical resist, and the remaining surface exposed to the etchant for a time effective to remove 
a sufficient amount of material to provide the desired profile heights of the posts 24, post 
extensions 32, support pad 30, and tie bars (not shown) relative to an upper surface 74 of the 
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305 remaining material, which forms a substrate 76. This process results in partially formed posts 
24, post extensions 32, tie bars, and support pad 30, all of which extend from the substrate 76. 

Referring to FIG. 6c, the bond sites 36 on the post extensions 32 may be plated with a 
material to facilitate wire bonding. For example, where a gold bond wire is vised, the bond site 
may be plated with gold. 
310 Referring to FIG. 6d, the die 20 is next secured to the support pad 30 using any 

convenient method, such as solder, epoxy, double-sided adhesive tape, and the like. After the 
die 20 is secured to the support pad 30, wires 40 are individually connected between I/O pads 
38 on the die 20 and the bond sites 36 on the respective leads, as shown in FIG. 6e. 

In the method of FIG. 6, the post extensions 32 extend from a common surface, the 
315 substrate 76, along with the die support pad 30, thus allowing precise bonding of the wires 40 
to the bond sites 36. As a result, defects in the assembly of the package 10 are reduced. In 
addition, because the post extensions 32 are supported along their entire length by the substrate 
76, a wider variety of bonding methods and wire materials may be used in wirebonding than 
were possible with designs of the prior art. For example, wire bonding may be performed using 
320 ultrasonic bonding, where a combination of pressure and ultrasonic vibration bursts are applied 
to form a metallurgical cold weld, thermocompression bonding, where a combination of 
pressure and elevated temperature are applied to form a weld, or thermosonic bonding where a 
combination of pressure, elevated temperature, and ultrasonic vibration bursts are applied to 
form a weld. The type of wire used in the bonding is preferably made from gold, gold based 
325 alloy, aluminum, or aluminum based alloy. As an alternative to wirebonding, tape automated 
bonding (TAB) may be used. 

Referring to FIG 6f, after the wire bonding is completed, the die 20, lead frame 
precursor 72, and bond wires 40 are covered with the molding compound 1 8. The molding 
compound 18 may be applied using any convenient technique, such as a transfer or injection 
330 molding process. The molding compound 18 is an electrically insulative material, preferably a 
polymer molding resin, such as an epoxy, having a flow temperature in the range of between 
about 150°C to about 300°C. The molding compound 18 may also be a low temperature 
thermal glass composite. 

After the encapsulation of the lead frame precursors 72 with the molding compound 1 8, 
335 the substrate material 76 is removed using a controlled subtractive process such as chemical 

etching or laser ablation. The result of this step is shown in FIG. 6g. Removal of the substrate 
material 76 creates the contact surfaces 28 and 34 and the bottom surface of the die pad 30 and 
tie bars (not shown). These surfaces may be plated to facilitate electrical connection to an 

10 
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external circuit. Also, solder balls 78 may be attached to the contact surfaces 28 and/or 34 to 
340 facilitate electrical connection with an external circuit, as shown in FIG. 6h. 

The attached packages 10 are then singulated by sawing with a blade, water jet, or the 
like, as shown in FIG 6i. After singulation, the side surfaces 60 of all posts 24 are exposed. 
The resulting package 10 is the same as that resulting from the method described with 
reference to FIG. 5. The package may be mounted with the die 20 in the upright position, or 
345 the package may be reversed and mounted with the die 20 upside-down, as shown in FIG. 6j . 

Referring to FIGs. 7 and 8, a quad, no-lead, flip-chip semiconductor device package 
100 is shown. The package 100 of FIG. 7 is substantially similar to the package 10 shown in 
FIGs. 1 and 2, except that the die 20 in package 100 is connected to a lead frame 102 using a 
flip-chip method and, as a result, no die support pad 30 or tie bars 42 are used. It is 
350 contemplated that the lead frame 22 of FIGs. 1 and 2 may be used for both flip-chip and 

wirebonded packages 10 and 100, with the lead frame 22 being modified to lead frame 102 for 
the flip-chip package 100 by removing the die support pad 30 and the bars 42. 

The package 100 provides a profile height, as indicated at 50 in FIG. 8, that is typically 
several times greater than the thickness of the enclosed die 20. For example, for a die profile 
355 height 52 of about 0.2 millimeters (mm) the package profile height 50 may be about 0.5 mm, 
with the post extension 32 having a profile height 54 of about 0. 1 mm. Accounting for a bond 
height 104 between the die 20 and the bond site 36 of about 0.075 nun after reflow, about 
0.125 mm remains above the die 20, as indicated at 56. The profile height of the posts 24 is 
equal to the profile height 50 of the package 100 (about 0.5 mm), with the profile height 58 of 
360 the posts 24 relative to the bond site 36 being about 0.4 mm. In general, the package 100 may 
have a profile height 50 about 2.5 times greater than the profile height 52 of the die. 

FIG. 9 shows another embodiment of a quad, no-lead, flip-chip semiconductor device 
package, indicated at 1 10. Package 1 10 is the same as package 100 (FIG. 8), except one side 
of the die 20 is exposed on the top package face 14 in package 110. Exposing the die 20 on the 
365 top package face 14 may be beneficial for controlling heat in the die 20 and allows for a 

thinner profile height 50. For example, for a die 20 profile height 56 of about 0.2 millimeters 
(mm) the package 1 10 profile height 50 may be about 0.4 mm, with the post extension 32 
having a profile height 54 of about 0. 1 mm. The package 110 profile height 50 of 0.4 mm 
accounts for a bond height 104 between the die 20 and the bond site 36 of about 0.075 mm 
370 after reflow. The profile height of the posts 24 is equal to the profile height 50 of the package 
1 10 (about 0.4 mm), with the profile height 58 of the posts 24 relative to the bond site 36 being 

11 



WO 2005/022591 PCT/US2004/026790 
about 0.3 mm. In general, the package 110 may have a profile height 50 about 2 times greater 
than the profile height 56 of the die 20. 

FIGs. 10 and 1 1 show top and bottom views of the package 100, respectively. As 

375 shown in FIG. 10, the contact surfaces 28 on each of the leads 23 are exposed at the top face 14 
of the package 10. As shown in FIG. 1 1 , a portion of each lead 23 is exposed on the bottom 
face 12 of the package 10. The exposed portions of the leads 23 include the contact surfaces 
28 on each of the posts 24, and the contact surfaces 34 of the post extensions 32. Optionally, 
each of the post extensions 32 may be shaped to include interposers 108 extending between 

380 post extensions 32 and the die 20 for use with dies having a fine pitch between the die pads 38. 

The methods for manufacturing the packages 100 and 110 of FIGs. 8 and 9 are similar 
to those described with reference to FIGs. 5 and 6, with the main exception being that the die 
20 is directly electrically connected to the bond sites 36, as shown in FIGs. 8 and 9, rather than 
being attached to a support pad and wirebonded or tape bonded to the bond sites 36 as shown 

385 in FIGs. 5 and 6. By "directly" electrically connected it is meant that the interconnection is 
without the use of an intervening wire bond or tape automated bonding tape. Suitable 
attachments include solders with a primary constituent selected from the group consisting of 
gold, tin, and lead. 

Referring now to FIG. 12, the semiconductor device package 100 is shown in various 
390 stages of assembly using a method employing a lead frame 102 having pre-formed leads 23. 
While package 100 of FIG. 8 is shown, the method described with reference to FIG. 12 is 
equally applicable to package 1 10 of FIG. 9. FIG. 12a is a plan view of the lead frame 102, 
and FIG. 12b is a cross-sectional elevation view of the lead frame 102. As shown in FIG. 12, 
more than one lead frame 102 may be partially interconnected to allow for simultaneous 
395 assembly. It is contemplated that, alternatively, the lead frames 102 may be assembled 

individually. The lead frames 102 may be formed using the method described with reference 
to FIG. 5 above, without forming a die support pad or the tie bars. 

Referring to FIG. 12c, in preparation for bonding the die 20 to the leads 23, the second 
contact surface 28 of the posts 24 and the contact surface 34 of the post extension 32 may be 
400 secured to a surface 70. In the embodiment shown, the surface 70 is formed on an adhesive 
tape, which contacts and secures the substantially coplanar contact surfaces 28 and 32. 

Referring to FIG. 12d, the I/O pads 38 on the die 20 are directly electrically connected 
to the bond sites 36 using any convenient method. The post extensions 32 are supported along 
their entire length by the surface 70, ensuring coplanarity of the bond sites 36. Because the 

12 
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405 coplanarity of the bond sites 36 is assured, accuracy of the flip-chip bond is increased and, 
therefore, the chance of manufacturing defects is decreased. 

After the I/O pads 38 have been electrically connected to their associated bond sites 36, 
the die 20 and lead frame 102 are covered with the molding compound 18, as depicted in FIG 
12e. The molding compound 18 may be applied using any convenient technique, such as a 
410 transfer or injection molding process. The molding compound 18 is an electrically insulative 
material, preferably a polymer molding resin, such as an epoxy, having a flow temperature in 
the range of between about 150°C to about 300°C. The molding compound 18 may also be a 
low temperature thermal glass composite. During application of the molding compound 18, 
the spacing between the leads 23 is maintained because they are secured to the surface 70. 
415 After the die 20 and lead frame 102 are coated, the interconnected packages 100 are separated 
from the surface 70 (e.g., the tape is removed). 

Referring to FIG. 12f, the connecting surfaces 28 and 34 may be plated with a material 
to facilitate electrical connection with the external electrical circuit. If the entire lead frame 
102 was previously plated, plating of the connecting surfaces 28 and 34 may be unnecessary. 
420 The attached packages 100 are then singulated by sawing with a blade, water jet, or the 

like, as shown in FIG 12g. After singulation, the side surfaces 60 of each post 24 are exposed. 

Contact surfaces 26, 28 and 34 allow the package 100 to be electrically connected to a 
printed circuit board, another package, or any other external circuit using the contacts on the 
top surface 14 or bottom surface 12 as desired, thus making the package 100 completely 
425 reversible. That is, the package 100 may be mounted with the die 100 in the upright position, 
or the package 100 may be reversed and mounted with the die 100 upside-down, as shown in 
FIG. 12h. This relieves the need for any die 20 or package 100 redesign between applications 
requiring the die 20 to either face up or down. The contact pads 26, 28 and 34 on the top and 
bottom surfaces 14, 12 also allow a plurality of packages 100 to be stacked to provide 
430 increased chip density. The side surfaces 60 of the posts 24 may be used as test points to test 
an electrical function of the package 100 or to test the electrical connection of the package 100 
to an external circuit. The side surfaces 60 also act as a visible indicator to ensure proper 
alignment with pads on a printed circuit board when surface mounting the package 100 to a 
printed circuit board. 

435 Referring now to FIG. 13, the semiconductor device package 100 is shown in various 

stages of assembly using a method employing a partially etched lead frame. While package 
100 of FIG. 8 is shown, the method described with reference to FIG. 12 is equally applicable to 
package 110 of FIG. 9. FIG. 13a is a plan view of a precursor 1 14 of the lead frame 102, and 
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FIG. 13b is a cross-sectional elevation view of the lead frame precursor 1 14. A plurality of 
440 lead frame precursors 1 14 are preferably partially connected to allow for simultaneous 
assembly. It is contemplated that, alternatively, the lead frame precursors 114 may be 
assembled individually. The lead frame precursors 114 may be formed using the method 
described with reference to FIG. 6 above, without forming a die support pad or the tie bars. 

Referring to FIG. 13c, the I/O pads 38 on the die 20 are directly electrically connected 
445 to the bond sites 36 using any convenient method. The post extensions 24 are supported along 
their entire length by the substrate material 76, thereby ensuring coplanarity of the bond sites 
36. Because the coplanarity of the bond sites 36 is assured, accuracy of the flip-chip bond is 
increased and, therefore, the chance of manufacturing defects is decreased. 

After the I/O pads 38 have been electrically connected to their associated bond sites 36, 
450 the die 20 and lead frame precursor 114 are covered with the molding compound 18, as 
depicted in FIG. 13d. The molding compound 18 may be applied using any convenient 
technique, such as a transfer or injection molding process. The molding compound 18 is an 
electrically insulative material, preferably a polymer molding resin, such as an epoxy, having a 
flow temperature in the range of between about 150°C to about 300°C. The molding 
455 compound 1 8 may also be a low temperature thermal glass composite. 

After covering the die 20 and lead frame precursors 114 with the molding compound 
18, the substrate material 76 is removed using a controlled subtractive process such as 
chemical etching or laser ablation. Removal of the substrate material 76 creates the contact 
surfaces 28 and 34 as depicted in FIG. 13(e). These surfaces may be plated to facilitate 
460 electrical connection to an external circuit. Also, solder balls 78 may be attached to the contact 
surfaces 28 and or 34 to facilitate electrical connection, as shown in FIG. 13f. 

The attached packages 100 are then singulated by sawing with a blade, water jet, or the 
like, as shown in FIG. 13g. After singulation, the side surfaces 60 of each post 24 are exposed. 
The resulting package 100 is the same as that resulting from the method described with 
465 reference to FIG. 9. The package 100 may be mounted with the die 20 in the upright position, 
or the package may be reversed and mounted with the die upside-down, as shown in FIG. 13h. 

In the embodiments of FIGs. 1-10, the availability of contact surfaces 26, 28 and 34 on 
both the top and bottom faces 14, 12 allow a plurality of packages to be stacked to provide 
increased chip density. As shown in FIG. 14, the contact surfaces 26, 28, and/or 34 on each 
470 package 100 may be directly electrically connected the corresponding contact surfaces 26, 28, 
and/or 34 on an adjacent package 100 to form the stack. Suitable attachments include solders 
with a primary constituent selected from the group consisting of gold, tin, and lead. Because 

14 



WO 2005/022591 PCT/US2004/026790 

the packages 100 are directly electrically connected, the length of the electrical path between 
the dies 20 is kept to a minimum. The packages 100 may be arranged with the die upright 20, 

475 as shown in FIG. 14, or with the die 20 upside-down, as shown in FIG. 15. Alternatively, as 
shown in FIG. 16, the contact surfaces 26 or 28 on one package 100 may be directly 
electrically connected to the same contact surfaces 26 or 28 on an adjacent package 100, such 
that the packages are stacked in alternating top-to-top and bottom-to-bottom fashion. While 
package 100 is shown in FIGs. 14-16 for purposes of example, any of the embodiments 

480 described herein may be stacked in the same way. 

Compared to conventional methods of increasing chip density, which employ stacked 
dies in a common package to reduce the profile of the stack, the stack of packages described 
herein reduces complexity in the assembly of the stack while providing similar chip densities. 
The reduction in complexity is due at least in part to the elimination of an insulative 

485 layer/interposer, which is used when dies are stacked in a common package. Furthermore, the 
package of the present invention provide the ability to test from top surface 14, bottom surface 
12, or side surfaces 16. This presents a significant advantage in being able to identify which 
package in the stack is faulty. If any of the packages are found to be defective, the individual 
package and its chip can be discarded, thus reducing the waste associated with prior art 

490 packages that require the disposal of multiple chips in a common package. Finally, as a result 
of the leads having the same profile height as the package and forming part of the package side 
faces, the package of the present invention provides for increased thermal dissipation over that 
possible with the prior art arrangement. 

The present invention provides for a reduced profile package that may be used alone or 

495 may be stacked where an increase in chip density is required. The package can be electrically 
connected to a printed circuit board, another package, or any other external circuit using the 
any of the contact surfaces on the bottom face and/or the top face of the package, thus making 
the package completely reversible. That is, the package may be mounted with the die in the 
upright position, or the package may be reversed and mounted with the die upside-down. The 

500 reversibility of the package relieves the need for any die or package redesign between 
applications requiring the die to either face up or down. 

The package of the present invention may be assembled using the same equipment used 
for standard QFN assembly and finishing, and can be assembled using a lead frame having pre- 
formed leads, or using a partially etched lead frame. The package can be assembled using 

505 wirebonding, tape automated bonding, or flip-chip methods, with the lead frame being only 
slightly modified between each of these different methods. 
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A number of embodiments of the present invention have been described. Nevertheless, 
it will be understood that various modifications may be made without departing from the spirit 
and scope of the invention. Accordingly, other embodiments are within the scope of the 
5 1 0 following claims. 
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